WO 03/ 025244 PCT/ US02/ 29246 REFURBI SHI NG SPENT SPUTTERI NG TARGETS Rel at ed
Applications [001] This application clains the benefit of U S. Provisional
Appl i cat iwo 08025260/ 322, 429, entitled "REFURBI SHI NG SPENT PERWRIEEI2MG
TARCGETS" filed on Septenber 17, 2001 by Mchael Sandlin, the disclosure of
which is incorporated herein by reference. Field of the Invention [002] The
invention is directed to refurbishing a spent sputtering target. The target
is refurbished by filling an erosion groove in the spent sputtering target
with new sputter material that was depleted during the sputtering process.
As a result, the spent sputtering target is reprocessed. Background of the
I nvention [003] Cathodic sputtering is widely used for the deposition of

thin layers of nateREFURBISHINGSPENT SROITERRG TARGETS sputtering
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target that conprises a material to be atom zed, and a substrate onto
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Eventual ly, an erosion groove is formed in the sputtering target where the
sputter ¢rtitled | "REFVRBIS GdggE@{Fegl_’UTTERING TARGETS" filed on September 17,

2001 by Michael Sandlin, the disclosure of which is incorporated herein by reference.

Field of the Invention
[002] The invention is directed to refurbishing a spent sputtering target. The target is
refurbished by filling an erosion groove in the spent sputtering target with new sputter
material that was depleted during the sputtering process. As a result, the spent sputtering

target is reprocessed.

Background of the Invention
[003] Cathodic sputtering is widely used for the deposition of thin layers of material onto
desired substrates. A typical sputtering system includes a plasma source for generating an
electron or ion beam, a target that comprises a material to be atomized, and a substrate onto
which the sputtered material is deposited. The process involves bombarding the target
material with the electron or ion beam at an angle that causes the target material to be
sputtered or eroded off the target. The sputtered target material is deposited as a thin film
on the substrate. Eventually, an erosion groove is formed in the sputtering target where the

sputter material has been depleted.



WO 03/ 025244 PCT/ US02/ 29246 [004] In many sputtering applications, only a
smal | fraction (25-40% of the typical target material is utilized.

Nor mal | y wbtoa22le sputter target is spent, it is discardedr/usened2tied, or
refined. Refurbishing spent targets offers the potential of significant
cost reduction through increasing end-to-end material yields, and reducing
the carrying cost of precious netal inventory. Hence, there is conpetitive
advantage to be gai ned by suppliers who can_ effectively refurbish spent
sputter waﬂgelnsnmrm@uﬁmn&ﬁppg@auonémim sRath fraetiong @5 <0¥apf phe typicAldrsgest at ed
as filling the erosion groove with new sputter material and reprocessing

t he t armaterialsi mglizedyA¥oinsadlytadier theppetei tagenis sphiR, itngdiseartied, genclte8uonary of
the Invention [005] The invention is a plasna vapor deposition (PVD)
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conpositionally distinct. As shown in Fig. 1, region 2 in the target 1 is
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is to support the sputter material prigr to and during . application., Since
the suppdfectivey gefushish §p%tspg%tt@ae@d dhs imeghod fri rehirPishing teregisrcagebe
recycl ed and used to manufacture a refurbished sputtering target. The two
regi ons samgly stafapes fitlingrthe exosidinsgroonst with new spetteapaisrialiand repraprssingitioh of
the support material will conprise different atom c species than the
sputter taRdeeising a hatisostalicréieing ©a$HB Mg echnique.

Summary of the Invention
[005] The invention is a plasma vapor deposition (PVD) sputtering target design
comprising two regions that are functionally and compositionally distinct. As shown in
Fig. 1, region 2 in the target 1 is referred to as the sputter material, and region 3 is referred
to as the support structure. The function of the sputter material is to be transferred during
the sputtering application from the target to the surface of the sputtering substrate. The
function of the support material is to support the sputter material prior to and during
application. Since the support material is not sputtered during application, it can be
recycled and used to manufacture a refurbished sputtering target. The two regions are
compositionally distinct. In some cases, the composition of the support material will
comprise different atomic species than the sputter material, and in other cases the
compositions will vary only slightly in the atomic concentrations of the same atomic

species.



conpositions wll vary only slightly in the atom c concentrations of the
sane atom c species. 2 WO 03/025244 PCT/ US02/ 29246 [006] In the

i nvent i orwotob®232mt er f ace geonetry between t he support mat @craiSozzd4é he
sputter material is designed to mnimze the anmount of sputter material
necessary for use in sputtering applications. The opti num design for the
interface geonetry corresponds to the natural sputter erosion groove or
sputter IBrofi | e of a spent sputtering target, which is created while being
used i n (806§ anthspinvensionn gheapyserfasat geometryhstwedsy the supportetpagadl gad thoncept
is that the interface geonetry between the support material and sputter

mat er i al sputigpnateriatds desigried tamphimizdthe aspunt efisppttarfmdterial Thiessate forgrse &l | ows
the sputter material to be alnost conpletely utilized in application. This
i s partigpuhtaidgyappreafidrant THB@Ptifug a&kidd Rir théThitefAcR| gebmetty RBABEPOAds [D07]
Due to the nature of the desired interface geonetry, the preferred route to
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fill the erosion groove wth new , and reprocess target using
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noted that the design concept still applies in the case where the sputter
profil e appraximsics theyanpdieable sputtee profile. This design allows the sputter material to be

almost completely utilized in application. This is particularly important when the sputter

material is expensive.

[007] Due to the nature of the desired interface geometry, the preferred route to fabricate

the design is to employ a spent target as the support material, fill the erosion groove with

new material, and reprocess the target using appropriate methods and conditions. In

principle, the repossessed target can be thought of as a refurbished spent sputtering target.

By refurbished spent sputtering target, it is meant a previously used sputtering target in

which the erosion groove is filled with new sputter material. It should be noted that the

design concept still applies in the case where the sputter profile or erosion groove in the

support material article is created via conventional machining operations, and the support

material chemistry is distinct from the sputter material. The specific geometry of the

support material will necessarily vary with application specific sputtering target design

requirements, but the concept is simple and consistent.



support material article is created via conventional machining operations,
and the support material chemstry is distinct fromthe sputter nmaterial.
The speciwoam3gexmzetry of the support material w |l neceseamiusp2rany wth
application specific sputtering target design requirenents, but the
concept is sinple and consistent. 3 WD 03/ 025244 PCT/ US02/ 29246 Bri ef
Description of the Drawi ngs [008] The various novel features of this
invention alone with the foregoing and other objects as well as the
invention itself, may be nBrief Desdriptiondefithe Byawingsm t he fol | owi ng
description of the illustrated enbodi mrents when read in conjunction with

t he acdoogjarFhengarituawiovglsfeafudddodf isGinvéntien alohewith the fofegone ambotherrent of
the target of the invention which is a disc shaped target having a

ci rcul arohjeid hWeR9fthd BiveltibkOitselfl Baybd Mofe l9SEHSR&oH Fron itgydlowite di sc
shaped tafget enbodiment. [011] FIiG "3 is a top view of another enbodi nent

[
of the t - of tha | nwent i on whi gh. | shaped:tatrget havipg a
Fect angufaritish of s, HFHAGY slobitpedis wnBl Ao SERGRIRLGR, i B9, Do
pl at e shaped t ar e(ir enbodiment. [013] FIG 5 is a schematic of a steel

cyl i ndriacgg?me%m“& Vi ng the hot isostatic pressing (HP) in filling
the erosion groove of the spent target with new sputter, material.. Petailed
Descr i pt[pgﬂ IG: dds |afor vi§"p Af one embodiment of the target of the invention which 1s a

disc shaped target having a circular sputter profile.

[010] FIG. 2 is a cross-section view of the disc shaped target embodiment.

[011] FIG. 3 is a top view of another embodiment of the target of the invention which is a
plate shaped target having a rectangular sputter profile.

[012] FIG. 4 is a cross-section view of the plate shaped target embodiment.

[013] FIG. 5 is a schematic of a steel cylindrical can used during the hot isostatic pressing

(HIP) in filling the erosion groove of the spent target with new sputter material.

Detailed Description of the Invention
[014] Figs. 1 and 3 show typical geometry's of the sputtering targets. Fig. 1 shows a disc
shaped sputtering target having a circular sputter profile. In particular, the sputter material
2 is formed on a support structure 3. As illustrated in Fig. 2, the target 1 is circular and
donut shaped. The support structure 3 and sputter material 2 are concentric and are formed
around hole 4 in the center of the target. The center hole 3 in the target can be attached to
a means for rotating the target. Also, the sputtering target can be rectangular in shape as

shown in Figs. 3 and 4 where the sputtering target 5 has profile that is rectangular.



[014] Figs. 1 and 3 show typical geonetry's of the sputtering targets. Fig.
1 shows a disc shaped sputtering target having a circular sputter profile.
I n particwibas/j2i2he sputter material 2 is formed on a suppamiUuse?/eareé ure 3.
As illustrated in Fig. 2, the target 1 is circular and donut shaped. The
support structure 3 and sputter material 2 are concentric and are forned
around hole 4 in the center of the target. The center hole 3 in the target
can be attached to a nmeans for rotating the target. Al so, the sputtering
target ci@tShbeThespaogstractuierd chdpe materiglhsslactadrfrdm ghe. graumnensisting of £ut he
sputtering target 5 has profile that is rectangular. 4 WO 03/025244
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fromthe group consisting of Cu, CoCr alloy, stainless steel, N A alloy,
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[016] The HIP unit is used in the powder consolidation step of powder

pr ocessi fgportisiractusrusiness HAY usit.e J'he suppart mpigsiahcambe spattgomagterialyesugh as

i ndustry. The process of the invention is as follows. [017] The erosion
groove ofo,t25at’% pedd, 20mt%Et, IneyPoHtadoB. sone m nor surface defects.
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[016] The HIP unit is used in the powder consolidation step of powder processing. This
processing step is well known in the powder metals industry. The process of the invention
is as follows.

[017] The erosion groove of the spent target may contain some minor surface defects.
Therefore, the target may need to be cleaned by shotblasting. However, as a condition of
the invention, it is not necessary to clean the spent targets.

[018] A blended metal powder 9 of the new sputter material is poured into an empty steel
cylindrical can 6 as shown in Fig. 5. The can includes a cylindrical body 12, a sealed
bottom cover 7 and a top cover 8. The can is filled with the blended metal powder 9 to
about 1” of height in the cylinder. The blended powder can be a mixture of alloy powders.
A spent target 10 is placed on the bed of powder in the HIP can. Then more powder is
poured into the can such that the spent target is covered. The coverage of the powder is
extended above the top to the solid metal piece by about 1 in height. The spent target is
essentially buried. Another spent target can be placed on the bed of the powder and the

process is repeated until the HIP can is full of powder and other spent targets are buried.



Therefore, the target may need to be cl eaned by shotbl asting. However, as a
condition of the invention, it is not necessary to clean the spent

targets. WOlBj2#24bl ended netal powder 9 of the new sputtemrcratsereehei s
poured into an enpty steel cylindrical can 6 as shown in Fig. 5. The can
includes a cylindrical body 12, a sealed bottomcover 7 and a top cover 8.
The can is filled with the blended netal powder 9 to about 1" of height in
the cylinder. The bl ended powder can be a m xture of alloy powders. A
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powder is poured into the can such that the spent target is covered. The
cover agepefit thigetspotbarylindricabxdrended above the top to the solid netal piece
by about 1" in height. The spent target is essentially buried. Another
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repeated until the HHP can is full of powder and other spent targets are
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vertically, out an in apar Fig. 5 for exanple shows threé spent

targets in.the cylindrigal .. [,019]. The ovVEer I e
cyl i ndri G4 gliged plo Kb VFS'S&?@%&}?&%’]&%‘EF%%%%Hg svég‘l"}égs 4% 8%3%@3%&%%*;
drawi ng a vacuumt hrough .evacuati|on t 11. The cylindrical can is placed
into a H §S)lsteArgonees ESHBWfi“iCFn‘S thl‘éth&ﬁ’g]ii"ﬁ@e,l Vigki gD PSS BASMPad except
for a gas inlet. Argon gas is introduced into the H P vessel via a high
pressur 0g8ls Thenpylirdoed] canhie heptednidside Aif thahllP pregsarcevespel isig sistanee H P
pressure vessel using resistance

heated coils within the HIP unit. The can is heated to between about 1850° and about

1950° F, at 15 KSI, for about 4 hours. This step is referred to as HIP'ing. As the
temperature and pressure rise within the HIP unit, the steel container begins to deform and
compress the blended powder until ultimately all of the powder is completely densified
into the spent targets. The blended metal powder is consolidated and diffusion bonded to
the support structure of the spent sputter target.

[021] The HIP can, which is now diffusion bonded to the consolidated material, is
removed by machining. In general, after the HIP’ing step, the powder is in the form of a
solid metal cylinder or block. The disk shaped refurbished sputtering targets are then
fabricated from the solid block by sawing and milling operations. The entire cylindrical
can and the consolidated material is sliced into disks using a band saw. The remnants of
steel cylindrical can (which looks like a ring around the diameter of the consolidated
material after slicing) is taken off using a lathe or water jet. The consolidated material is
then machined into a sputtering target using a lathe.

[022] While this invention has been described with reference to several preferred

embodiments, it is contemplated that various alterations and modifications thereof will



heated coils wthin the HP unit. The can is heated to between about 1850
and about 1950 F, at 15 KSI, for about 4 hours. This step is referred to
as H P i myood®2i2e tenperature and pressure rise within roeusdbuamt, the
steel container begins to deformand conpress the bl ended powder until
ultimately all of the powder is conpletely densified into the spent
targets. The bl ended netal powder is consolidated and diffusion bonded to
t he support structure of the spent sputter target. [021] The H P can, which
i s now dbecomsi appatsohtedhase skillsdcionthe| artlapend anteading0f thesprepading, detatigd
machining. In general, after the HP ing step, the powder is in the form of
a sol i dessdigtioncyit intherefare iltenddd. thaththe dolidwiap appehdeé tlaiths bbaderppeied as i ng
targets are then fabricated fromthe solid block by sawing and mlling
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sliced into disks using a band saw. The remmants of steel cylindrical can
(whi ch 'tﬂ%‘ﬁﬁv%dti‘éﬁ a ring around the dianeter of the consolidated nmateri al
after slicing) 1s taken off using a lathe or water jet. The consol i dated
material is then machined into a sputtering target using a |lathe. [022]
VWhile this invention has been described wth reference to several preferred
enbodi nents, it is contenplated that various alterations and nodifications
thereof will 6 WO 03/025244 PCT/ US02/ 29246 becone apparent to those
skilled in the art upon a reading of the preceding detailed description.
It is therefore intended that the foll ow ng appended clains be interpreted
as



including all such alterations and nodifications as fall wthin the true
spirit and scope of this invention. 7 WO 03/025244 PCT/ US02/ 29246 W
claim 1.wAometizabi shed sputter target conprising a SuppoPCTAIS02ed2u6 e
having an erosion groove, said grooved sputter filled with new sputter
material that is diffusion bonded to said support structure. 2. The
sputter target of claim1, wherein said support structure is a materi al
selected fromthe group consisting of a CoCrPtB alloy, Cu, stainless steel,
a N A aWIecv}alma CoCr alloy, A, Wand Mb. 3. The sputter target of claim
1, wherein said new sputter materl al contains platinumand a magnetic
material . 4. The sAutefiebishat gpittedf tacdeai dorribrisiniges esupperdi struniave shpumgean
materlal contains a tal selected froma group cons st Ru, Pd,
Re, SARSIG ET9RY®s seid gonwsdwtier THled oVE & Wn@ﬁﬁefsﬁl& | g i é‘t‘%&‘?{brl si ng
t he ste%naédm(ga)d Qip?mgt@&tgrepOMer of netal alloys to forma blend of

nmetal alloy powders'to produce a new sputter material, (b) adding said
nmetal alloy powders to a metal can to forma powdered |ayer, 5 (c) placing

a spent sputtgr tapget, Ravind, AR B9 ShSLRUR QPpsd! shBMOR" LhatBUP" -
selected from the group consisting of a CoCrPtB alloy, Cu, stainless steel, a NiAl alloy, a
CoCr alloy, Al, W and Mo.

3. The sputter target of claim 1, wherein said new sputter material contains

platinum and a magnetic material.

4. The sputter target of claim 1, wherein said new sputter material contains a

metal selected from a group consisting of Pt, Ru, Pd, Re, Rh, Au and Ag.

5. A method of refurbishing a sputter target comprising the steps of:
(a) blending a powder of metal alloys to form a blend of metal alloy powders to
produce a new sputter material,
(b) adding said metal alloy powders to a metal can to form a powdered layer,
5 (c) placing a spent sputter target having an erosion groove on said powdered layer,
(d) covering said spent sputter target with said powdered layer,
(e) sealing said metal can, and
(e) subjecting said can to pressure and heat to consolidate and diffuse said powder

into and fill said erosion groove and form said new sputter material in said erosion groove.

6. The method of claim 5, wherein said support structure is a material selected
from the group consisting of a CoCrPtB alloy, Cu, stainless steel, a NiAl alloy, a CoCr
alloy, Al, W and Mo.

7. The method of claim 5, wherein said new sputter material contains platinum

and a magnetic material.



(d) covering said spent sputter target wth said powdered | ayer, (e)
sealing said netal can, and (e) subjecting said can to pressure and heat to
consol i dawe oanes2ds f f use said powder into and fill said era3iusnz/greeve and
formsaid new sputter material in said erosion groove. 6. The nethod of
claim5, wherein said support structure is a material selected fromthe
group consisting of a CoCrPtB alloy, Cu, stainless steel, a NNAl alloy, a
CoCr alloy, Al, Wand Mb. 7. The nethod of claimb5, wherein said new
sputter material contains platinun1 and a magnetic material. 8 WO 03/025244

PCT/ US02/ 292 8.Th h 5 . |
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Au and Aglecfd fidnea FRIuPQAnsEting EIPT) Fou, MIeRe] Rh, sl shd®g.hod repeats steps (c)

and (d) to add one or nore additional spent netal targets to be
refurbi shed. 10. The nethod of claim5 wherein said nethod further includes

the steps of o sawfig AlolBEGhH S%HoRfn B MRHocHepShERefstl) Mt {9 10Mdu

r ef ur bi shed sputter target
one or more additional spent metal targets to be refurbished.

10.  The method of claim 5 wherein said method further includes the steps of

sawing and machining the product of step (e) to form a refurbished sputter target.



